Abstract -In 2015, over two hundred million people, around the world, went online for the first time bringing the number of people worldwide using the Internet to 3.2 billion. Still, a majority of the world, about 4.2 billion, is offline. The barriers to going online and becoming digitally literate can be greater than just infrastructural obstacles, including psychosocial barriers related to incentives, affordability, and user capability. Our goal is to help the next 4 billion go online by designing an educational solution to equip people with digital literacy skills to improve their lives. We have employed a human-centered design methodology through community research, synthesis, ideation, and prototyping to build solutions first for northern and central India. The design may be re-contextualized in order to scale to new locations. This paper focuses on the research and synthesis phases of our design process during which we first define digital literacy relevant to the local context and then conducted fieldwork to collect stories, observations and quotes from numerous communities with varying levels of digital literacy. That feedback was translated into insights, themes, and frameworks that will later inform the design and development of an educational technology intervention.
Iɴᴛʀᴏᴅᴜᴄᴛɪᴏɴ
In today's knowledge economy, it is possible to find older information in physical libraries. But with so much new information available online, and some of it only online, it is increasingly important to have access to online information in order to fully participate in this economy and benefit from its knowledge. This idea is supported by various studies indicating a high correlation between a country's Internet access or use and a country's gross national income (GNI) per capita or GDP [1] [2] [3] [4] [5] [6] [7] . It is for this reason that one area of international and community development is development of information and communication technologies (ICTs) . One obvious barrier to ICT is the lack of physical infrastructure 8 . This includes subterranean fiberoptic networks as well as maritime, seafloor cables connecting various continents and coastal points. Additionally, this includes infrastructure related to mobile phone networks like cell phone towers.
But even with a mobile network or an underground fiber-optic network, an often forgotten, large part of physical access is device access 8 . Today a majority of the world accesses the Internet through a mobile device 9 . This includes people who have never accessed the Internet through a laptop or desktop computer. They are using tablets, smartphones (Tier-1 phones with full Internet capability) and feature phones (Tier-2 phones with limited Internet capability). Today, with large decreases in the retail price of smartphones, illustrated by Mozilla's shortlived, $33 smartphone first launched in India in 2014, Internet-capable mobile phones are providing more and more people access to the Internet for the first time 10 . In 2013, 243 million people came online for the first time, primarily through mobile phones 11 . In 2014, over 250 million people came online bringing the number of people using the Internet to just under 3 billion 12 . By the end of 2015, another 200 million had come online for the first time bringing the total number of people online to 3.2 billion, over 40% of the world's population 1, 13 . However, the majority of the world is still offline -about 4.2 billion people -and still not enjoying the correlated benefits of the Internet and of participating in a wider knowledge economy 1, 14 . An important concept to note is the definition of "online" used here from the International Telecommunications Union (ITU) 15 . It is defined as having "accessed the Internet at least once in the past 12 months from any kind of device." This means that not everyone considered "offline," lacks physical, infrastructural access. For example, imagine an elderly person in a rich country whose neighborhood has Internet access but who has never started using the Internet. So the 4.3 billion offline people-group includes people with physical, infrastructural access. On the other hand, not everyone counted as "online" is truly online. Imagine, a young woman from a rural area in sub-Saharan Africa who traveled to the medium-sized town once last year and borrowed someone's mobile phone for 15 minutes playing with Facebook for the first and only time last year. In a similar manner, the almost 3 billion online people-group includes people who are not habitually "online" and definitely includes people who use it but are not sufficiently digitally literate.
These two examples and corresponding limitations of the ITU's measurement imply two things. First, digital literacy education is needed and helpful for portions of the almost 3 billion online people. In other words, being online does not imply being digitally literate. Secondly, and most importantly, as the example of an offline, elderly person in a rich country demonstrates, lack of physical, infrastructural access is not the only barrier to being online and becoming digitally literate. In broad terms, barriers to going online can be grouped into four broad categories (Table 1) 8 . Educational outreach initiatives, which focus on digital literacy education, can directly or indirectly address all categories of barriers. An example is a mobile Internet bus with educational classes and games. It provides device access, mobile Internet coverage, consistent power and free access for people from low-income neighborhoods while increasing awareness and competency, teaching relevance and how to create relevant content, and affecting acceptance while decreasing fear. Some educational outreach initiatives focus on one barrier or category of barriers, like a radio or TV awareness campaign and some, like a mobile bus, focus on multiple barriers at the same time. Ultimately, the aim of our company's ICT educational outreach initiatives is digital literacy and digital inclusion for those who are offline.
Our company, a large multi-national Internet technology (IT) corporation, has natural incentives to increase digital inclusion and increase the number of people who are digitally literate worldwide. When there are more people who are digitally literate, then there will be more people who can access and will use our tools. Also, our company wants people who come online for the first time to use our products rather than a competitor's products. The drawbacks of this motivation is that our digital literacy work is largely focused on our digital literacy tools rather than being tool-agnostic. The benefits of doing this work with the support of our large multinational corporation is access to sufficient funding for the work and access to a wide network of collaborators on both international and local levels. Fortunately, our company's profit motivations, though different, are aligned with the altruistic motivations of employees who completed this work as a side project, not a highly prioritized project within our organization. Moreover, our organization did not affect the approaches used. The first author is the only instructional designer in the organization using the approach used in this paper, so our approach is unorthodox and not well supported within instructional design community in our company. However, our team felt our approach was best for the research questions we are working to solve in the area of digital literacy.
Contextualizing Digital Literacy
It is not enough to simply be online in order to benefit from the knowledge therein; one must also become digitally literate to navigate, find, and take full advantage of this online knowledge. In order to assess whether a person is digitally literate or not or what percentage of a country is digitally literate, we must first define digital literacy. Currently there is no one definition of digital literacy around the world. This makes sense in light of the fact that in different countries and contexts people need to be able to do different things in life, with or without digital tools. So the relevance and importance and even use of digital tools changes in different spaces and places.
To give an example, one of the authors advises the Tinder Foundation in collaboration with the UK government in an effort to make 100% of UK adults, aged 16 and higher, digitally literate by the year 2020 16 . In order to assess whether that goal is met, they had to define digital literacy in a UK context. Let us follow an example of how one criterion for UK digital literacy was designed 17 . 1. First, being a rich country, most of those who are not digitally literate in the UK fall in two major, non-exclusive categories: the low-income and the elderly. 2. Second, many people in low-income situations in the UK are looking for jobs or want better jobs. 3. Third, most of the jobs in an Internet-friendly country like the UK are online. 4. Therefore, one criterion for digital literacy in the UK is "must be able to find jobs online." Other criteria are defined similarly.
It is this relevant, contextual defining of digital literacy that is much more important than general, context-blind definitions of digital literacy. What should people in this context be able to do if they are digitally literate? That is the question we must answer if we want to assess digital literacy and readiness. Previously, in our company's global digital literacy initiatives, this assessment work was wanting. As a result, we have received a number of criticisms on the Web Academy curriculum, Online Basics 18 . Some found it too long; others found it too short; some, too difficult, others, too easy. It highlighted a problem of context, audience, and targeting. Instead of a general module on "How to Search" or a "Search Engine," we want to be able to have a contextualized module like "Find Jobs Online." Both teach similar skills but one is embedded in the problems and complexities of the lives of people, making it much more relevant.
In this work, our goal was to start over and redesign an educational solution to digital illiteracy in six steps. We would then use that solution as a master solution or a standard solution that would be recontextualized as we repeat the process in a different geography for a different people-group.
Choose a local context
In our professional work, we focus on developing countries with a burgeoning middle class and a booming GDP--emerging market countries. The growing middle class makes these economies quite conducive for outside or foreign investments which help increase the countries' GDP. However, the emerging market countries also tend to be countries with growing inequality creating a stratified social economy [19] [20] [21] [22] [23] [24] . In such situations, foreign investment that increases overall GDP can simultaneously have the effect of increasing the economic inequality gap. In this research, we attempt to do work that contributes to GDP and GNI in ways that decrease and ultimately eliminate the gap, by focusing on lower-income populations where digital illiteracy is high. Because of our professional work in emerging market countries, we have many contacts in through Latin America, sub-Saharan Africa, the Middle East, and Asia. Due to India's massive population and booming economy, our company does the most, emerging markets work and tests the most emerging markets products in India. Furthermore, a majority of the global offline population are located in China and India 1 . Therefore, India was chosen. Additionally, one of the authors has undergraduate students he has previously taught in short courses in Delhi, India. These students and other contacts provided a community from which team members could be recruited. Therefore Delhi was chosen as the central location for our work, spreading out to rural areas around there.
Define digital literacy
Before discovering a contextualized definition of digital literacy, we needed a general definition to provide the bounds within which we could contextualize. However, there is no one definition of digital literacy [25] [26] [27] . We decomposed the problem, first defining "digital." Then defining literacy based on all skills a student learns in a language course in school, we generally defined digital literacy using 6 components.
1. Effectively search and navigate through large amounts of digital information. 2. Efficiently find specific digital information.
3. Efficaciously understand and analyze digital information. 4. Accurately evaluate digital information. 5. Appropriately communicate digital information to another person or groups of people. 6. Effectively create digital information.
We realize that digital literacy is not a binary state of competency, but more accurately represented by a spectrum of increasing ability. However, our goal is to define a contextualized and locally useful, minimum standard of digital literacy for north and central India that we can use to update our curriculum.
Define design research questions to pursue
To couch our curriculum within the context of the lives of the community members, we had one major research question to answer.
1. What are the problems, issues, difficulties, and complexities community members face on a daily basis, as well as their hopes, fears, and ambitions? The answer to this question would greatly affect the content of our design, or at least the context of the content.
But we still needed to design the delivery of the content as well, leading to our second major research question to answer.
2. What is the best method and style of delivery of digital literacy education for maximum educational impact for the north and central Indian communities?
Mᴇᴛʜᴏᴅᴏʟᴏɢʏ
The most important factor in determining which research methodology to use is the research question 28 . Because our first research question is open-ended, lacks a specific hypothesis, and seeks to uncover the beliefs, hopes, fears, problems, and difficulties in the life of the community members, a qualitative research methodology is best.
However, the answers to the questions will be used in an initial design. Since both questions are used to design the content (question 1) and delivery (question 2) of an educational technology intervention used to increase digital literacy, we also need a design experiment or design-based research methodology. Design-based research (DBR) is characterized by pragmatism (solving current, real world problems), theory (producing learning theories based on research and testing of designs), iterations (using an iterative design process), integration (integrating multiple research methods), and contextualization (local design for local communities) [28] [29] [30] . Because DBR often is initiated by the educational researchers as opposed to practitioners and may never be implemented in an actual learning environment, we employ a more narrow version of DBR called Design-based Implementation Research. Design-based Implementation Research (DBIR) has 4 guiding principles. These include jointly negotiated work (this work was initiated and requested by learning communities teaching the Web Academy curriculum), iterative and collaborative design processes (our design team includes community members), development of theories (theories guide and emerge from our design research and work), and design for viability (sustainability and capacity building) [31] [32] [33] [34] [35] [36] [37] . Design-based Research, in general, does not have to use a mixed methodology, though sometimes it does. In this case, we are combining DBIR with a qualitative methodology; therefore we chose the mixed methodology called Human-centered design (HCD, user-centered design, or design thinking) as our overarching framework because it combines a qualitative methodology with DBIR [38] [39] [40] [41] . In education, HCD is often called student-centered design or learner-centered design (LCD). Human-centered design is only a methodology, not a solution. It can be used to design a building, a project, software, a process, a service, a product, an environment, a program, an organization, or even a curriculum. Human-centered design mixes skills from engineering design such as defining the problem, setting the constraints, and rapid prototyping with practices from the social sciences such as ethnographic studies, interviews, extracting insights from qualitative data, and empathic immersion [42] [43] [44] [45] . In short, human-centered design keeps the design work centered on the users, the beneficiaries, or the community. In this work, HCD creates two pillars. First, instead of the traditional model where the designers go away, design a solution, and then bring it back to the community, in HCD, we practice coparticipatory design where the community is involved in every stage of the design process [46] [47] [48] . Second, instead of the design team only including members from outside the community, the design team also includes community members.
In this work, the design team includes 7 local Indians from the greater Delhi area. Second, we involved not only local design team members but also local community members in every stage of the work.
Human-centered design is normally broken into three stages, Discover, Design, and Deliver. The first stage (Discover) is a research stage where you listen and learn from the community, developing empathy and connecting yourself to the needs and desires of the community. The second stage (Design) is a stage of data analysis and synthesis of previous qualitative work, then ideation, prototyping, and iteration. The final stage (Deliver) is the stage of pilot planning, developing a feedback loop, defining success, partnerships, and developing business models for financial viability and sustainability.
The remainder of the paper is broken into two remaining main sections. First we provide a brief overview of the procedures and methods used in the first half of the HCD process (Discover and first half of the Design stage). Then we provide the results of the synthesis process: themes, insights, frameworks, and learning theories. All of this will inform the ideation and prototype process to be presented in a future paper.
Lᴇᴀʀɴɪɴɢ Tʜᴇᴏʀɪᴇs
In DBIR, learning theories both guide and emerge from the research and design. Such learning theories do not refer to overarching theories such as constructionism or experiential learning, but rather smaller learning theories dealing with the specific context of the educational intervention 49 . If we had an established learning hypothesis we wanted to test, a quantitative research methodology may have been more appropriate 28 . In this case, however, the design team debated over three main learning questions.
First, is digital literacy education necessary, or can people learn on their own? Our company division lead repeatedly argues that his U.S. children learned to use phones and tablets simply by playing with them; they had no instruction. The rest of the world can learn the same way, according to him. On the other hand, other design team members say that many of us grew up with the technology so the learning curve for staying up to date is less steep than the learning curve for someone starting with no knowledge and learning how to use a mobile app.
Second, the head of our division believes that a Massive Open Online Course (MOOC) could be used to scale digital literacy education around the world. Design team members disagree saying that MOOCs are not accessible to the digitally illiterate.
Third, are mastery and retention higher when digital literacy education is all online through connected devices or through an offline classroom time followed by an online lab time? Our team was also divided on this question. Fourth, some team members felt one global solution could work for all, while others felt we needed various local solutions.
The most important learning theory that divided our team was the connection between reading and writing literacy and digital literacy. Half of the team believed literacy is a prerequisite for digital literacy. The other half felt that you could become digitally literate without being literate. We knew answers and theories would emerge from our research.
Pʀᴏᴄᴇᴅᴜʀᴇs and Mᴇᴛʜᴏᴅs
The first author served as recruiter and logistician. He found 3 team members from a company volunteer program and 7 more local Indian team members through his networks. At the same time, he recruited communities to serve as field locations for research (Table II) . 
• Preferences ○ Short ○ Engaging/Interesting ○ Globally accessible ○ Accessible to differently-abled
The constraints, built into the design challenge, are characteristics of the solution that are required for it to work. The preferences are desired characteristics of the solution without which, the solution still works. Next, all the following research methods were chosen and later employed.
• Individual interview -an interview with only one interviewed person • Group interview -an interview in which questions are posted to a group and group members take turn individually answering • Expert interview -an interview with someone who has a relevant expertise, in this case, technology, digital literacy, education, etc.
• Observation -a period of watching and documenting learners or users in their natural environment without interpreting what is happening • In context immersion -the act of meeting people where they live, work, or socialize and experiencing life with them including working alongside them, homestays, etc.
• Community-driven discovery -co-participatory research in which the people for whom you are designing are also members of your design and research teams Next, for the individual, expert, and group interviews, we chose a semi-structured interview approach, developed an interview guide, and then prepared and practiced interviewing other research teammates. The preparation included training for bias awareness (discussing our previous experiences and backgrounds and how they affect our views), bias journaling (journaling about all the biases we bring to this work related to India, education, digital tools, etc.), observing versus interpreting (differentiating between objective observation [what we see] versus subjective documentation [what we infer or the effect of the lens through which we see]), and other interview techniques. These trainings were done in order to lessen the influence of our bias, biased interpretations, and preconceived notions of what we thought people needed or wanted. We wanted to let the qualitative data speak on its own. We then broke into smaller teams of 3 and conducted our interviews and observations throughout north and central India. We reconvened and conducted a knowledge inventory, a collaborative exercise to answer the following four questions. We also found that some team members thought only highly localized solutions could work while others thought one global solution would suffice.
The main purpose of a knowledge inventory is to uncover strengths and weaknesses that direct further research. Out of the 4 questions, the team's strength was in understanding the educational landscape of India and understanding people's wants and needs. The team's weakness were in understanding the cultural value of IT in India, purchasing power of various groups, government offerings in the area of digital literacy, as well as other solutions whether successful or unsuccessful.
Finally, we paused to reconsider the challenge. Often after conducting initial discovery research, we find that the the challenge is not actually a problem among those observed and interviewed. Or we may find the problem is too broad or too narrow. However, in this case, all team members agreed: our qualitative research confirmed the design challenge, so it was not changed.
In the next section, we conduct synthesis, code the stories and qualitatively analyze data to extract insights and find themes. Through further analysis we unearth frameworks as learning theories emerge.
Sʏɴᴛʜᴇsɪs

Themes and Insights
Key insights grouped by themes are seen in Table III . First, the research team deconstructed all qualitative data into single-idea, individual quotes, facts, and observations. Then the research team connected various quotes, facts, and observations to extract hidden insights (right column of Table III ) not directly captured in a quote, fact, or observation. The research team then grouped all insights, facts, quotes, and observations into broad categories or themes. We regrouped and regrouped the themes until we felt the final themes were on the same high level, spoke about similar things, and captured the emerging patterns in the data. Excluding gender, all other themes appeared in every single interview or observation. Gender emerged in 95% of the interviews and observations. The final high-level themes are in the left column of Table III . Because insights do not capture all of the data (facts, quotes, observations), it is important to highlight crucial points.
First, a curriculum based on a local definition of digital literacy must relate to education, transportation, power, health, and government accountability--the areas of need for which 95% of community members, in our research locations, want help. No one was interested in general digital literacy, not even experts. Donor agencies, institutions, and governments were interested in digital literacy for literacy volunteerism or youth workforce development. 50 Second, both existing technology and infrastructure themes relate to access. Most people focus on Internet access, but access also includes energy access as well as device access. Gender also emerged as an access issue. In India, women have less access to the Internet than men. Not only do some men control access for women (more so in rural areas), a lack of safety dissuades women from using Internet cafes which are dominated by men. This was mentioned by 100% of women interviewed in urban, peri-urban, and semi-rural areas.
International
30
Money and motivation are also barriers to access. In many areas in India, smart phones are not the norm. So any digital literacy solution will have to involve feature phones and basic phones permitting SMS-based ways of accessing information. However, even people with little money are willing to spend money if it will improve the lives of their children.
Additionally, both China and India have majority rural populations. In order to bring the next 4 billion online, the solution must involve rural people which automatically means it must involve local languages outside of English, inasmuch as there is an Internet presence for a local language. Moreover, reading-writing literacy is a huge barrier, and any digital literacy must address the problem.
Finally, access and training outside of any digital literacy education classroom is important for practice.
Frameworks and Learning Theories
Our research reveals relationships that help settle aforementioned learning theory debates. First, based on our communities, we believe considerable numbers of people cannot become digitally literate on their own. The closest counterexample we found is one example of a few adult women learning some digital literacy at a Hole-in-the-Wall location (see Table II ). However, it's important to note, Hole-in-the-Wall is not self-learning, it is a Self-organized Learning Environment (SOLE) 51 . In a SOLE, students learns through a group of peers. Our second theory is that MOOCs are not sufficient to scale digital literacy education. Effective education depends on both the content and the delivery. Having great content and poor delivery means poor results and little change. The most impacting factor for student success is teacher excellence 52 . Even a poor teacher with really good curriculum can produce poor results. We learned that no matter the quality of what is produced, if a teacher is involved, so much depends on the quality, skills, and emotional intelligence of that teacher. If you remove the teacher from the delivery model, the most impacting factor changes. In a SOLE, the learner group becomes the teacher. With self-learning, the student and teacher are one. This shows why it is so difficult for people completely new to the Internet to learn to use the Internet alone through a MOOC. It is difficult to teach yourself how to use the Internet by using the Internet if you are completely new to the Internet or computers. If you're using a MOOC, you most likely know how to use a web browser, and you know how to search. We saw no evidence of those who were not digitally literate using MOOCs. MOOCs were used by the more educated, English speakers of higher income levels.
Our third theory is that, for a given amount of training hours, mastery and retention are higher if the entire training is done directly through the device, rather than splitting the training between an offline classroom time and an online device interaction lab. This comes from our observations of the speed of learning when interacting with a device.
Fourth, we theorize that bringing the next 4 billion online will require multiple local solutions. From our insights we saw that communities were more interested in contextualized learning relevant to their lives. Since problems, issues, ambitions and hopes vary around the world, the contextualization and, hence, the curriculum, will also vary.
Finally, we believe digital literacy does require reading-writing literacy as our insights uncover. Although it is possible to do minimal actions online like click YouTube videos without -9033 being able to read the titles, the internet is so dominantly text-based that it requires a certain level of reading-writing literacy to navigate and evaluate the page. Text-to-speech apps are not prevalent enough to eliminate this requirement. Therefore bringing the next 4 billion online implies three options due to huge literacy barriers. Either ignore the reading-writing illiterate and only teach digital literacy to those who are reading-writing literate in a particular language limiting your learner pool and failing to reach the next 4 billion. Or build reading-writing literacy into a digital literacy solution widening the solution and handling the problem directly. Or partner with reading-writing literacy organizations so that partner efforts feed newly literate people into your digital literacy efforts so all can benefit from the digital literacy training. As we move forward in designing a solution, we must choose one option. This leads us to the following relational framework that arose out of our research.
FIGURE I
Tʜᴇ Cᴏɴɴᴇᴄᴛɪᴏɴ ʙᴇᴛᴡᴇᴇɴ Eɴᴇʀɢʏ, Aᴄᴄᴇss, Lɪᴛᴇʀᴀᴄʏ, ᴀɴᴅ Dɪɢɪᴛᴀʟ Lɪᴛᴇʀᴀᴄʏ Eᴅᴜᴄᴀᴛɪᴏɴ
In our research communities, there are people who are digitally illiterate due to energy insecurity. Others have consistent energy, but lack consistent Internet access and device access. Once someone has consistent energy, Internet, and device access, digital literacy is possible if they are already reading-writing literate in a language with substantial presence on the Internet. We discovered that literacy education could then lead to digital literacy education. What surprised us is that digital literacy education could lead to literacy education through the mechanism of literacy programs. There are programs that focus on digital literacy for literacy volunteerism; in other words, people are trained to become digitally literate and then use those computer and Internet skills to teach people to read using computer and phone applications 52 . This is why Figure 1 shows the revolving relationship between literacy and digital literacy education.
The final framework we created was a theory of change and root cause analysis of why the global proliferation of Web Academy courses has been failing (a negligible number of certifications had been recorded globally). Web Academy partnered with Telecentre Foundation (TCF), a global network of tele-centres (internet cafes with classes and government services) but only at an international level, and few people were being trained through this partnership 53 . Our research included interviews with Indian village level entrepreneurs (VLEs) who run tele-centres called local community service centers (CSC), district managers, regional managers, and the 18-37, Fall 2016 ISSN 1555 regional headquarters for CSCs in India. We uncovered that local CSCs can and do deliver education but their delivery model is different than that prescribed by our international partnership model of free classes.
The problems were three-fold. First the VLEs made no money for teaching Web Academy courses which were supposed to be offered for free, therefore they had no incentives to teach them. Second, the TCF had very little control over what happened on the ground in local telecentres around the world. Lastly, in India, many of the CSCs simply did not have the space or equipment to run the trainings required by TCF. We recommend three changes in order to help the Web Academy materials spread around the world. These recommendations will inform our design as we move forward: 1. Work with CSCs at a regional level, not international: the more control over individual CSCs your partner has the better. 2. Design a revenue-generating model for the VLEs who educate people. This is the exact model for all the other services VLEs offer, from government e-services and mobile banking to telemedicine and stocks. 3 . Support tele-centres with infrastructure and space to increase their capacity and ability to run educational trainings: Most CSCs we saw did not have the space or equipment to do trainings. They primarily focused on services. Some offered trainings, but to scale up, they need more equipment, better access, and more space. As a final step, we translated our findings, theories, and insights into design principles that guide our work forward (Table IV) . The thirteen principles are not in order of importance.
Design Principles
Principles 1 and 2 dictate our solution should work for mobile phones as well as conventional computers. It should include feature-phone and basic-phone education as well. This means including locally relevant SMS-based services that show how ICT is used to help meet locally relevant problems, issues, and needs. However, the modules for mobile phone digital literacy and computer education should be separate rather than integrated to allow for personalization. Some learners are only interested in one.
Principles 3-5 increase access to our digital literacy solution. It should at least be offered in local languages with which one can search the Internet.
Principles 6-10 will help increase mastery and retention. Learning grounded in the problems of everyday life is helpful. Modularity and rapid assessments increase access, flexibility, feedback, and personalization. Skills-based assessments are more appropriate since the purpose is to equip people with skills. Retention is higher when people learn on the actual device instead of learning in a classroom apart from the device and later going to a lab where they work on the device. Moreover, they should learn on the actual device they will use in life. We did see examples of people who learned to use computers through in-class practice alone and then later found jobs working on computers at a local G2C (Government to Community centre, similar services as CSC). However, if someone has a device at home, work, or school, sometimes they struggle with doing the same things if it is tried on a different machine. This is especially true with different phone types and operating systems.
Though mobile and computer education are separated for personalization, everyone needs to learn about Internet safety. We recommend, therefore, that Internet safety is integrated throughout according to Principle 11.
Principle 12 is a design for motivation. In emerging market countries, certifications are quite important and crucial for finding a job. In fact, it is not enough to gain a certification. In India, job seekers actually print out paper copies of the certification and bring it into the interview.
Principle 13 reflects the fact that India has already reached the point where smartphone purchases outnumber other types of phone purchases. This doesn't meant that smartphones are the majority phone, yet. But it does mean that touch-based applications are becoming more used. To deal with the tension, we suggest a curriculum that includes some touchscreen practice.
Lastly, though not a primary design principle, we offer another principle to guide future partnerships with TCF. Start small. Test and prove the model, then scale to other CSCs and telecentres. This is the opposite of what was done through our international partnership.
Cᴏɴᴄʟᴜsɪᴏɴ
In this work, we presented the use of a human-centered design methodology to guide the designbased implementation research process, creating a contextualized definition of digital literacy for central and Northern India and redesigning our digital literacy curriculum. Since instructional design includes not just the design of the content, but also the delivery of the content, our design research also aimed to uncover weaknesses in our international delivery model used to bring the next 4 billion online.
International We find that any definition of digital literacy must include how people can use ICT to solve health, transportation, energy, educational, and government accountability problems in north and central India. The specific tasks and actions will emerge as we continue the design process in the future.
The most important high-level themes that emerge from our work are infrastructure, existing technology, money, gender, content, pedagogy, and motivation. The most important are those that act as a barrier to access, specifically money, gender, motivation, infrastructure, and existing technology.
The most important framework we find connects energy, devices, Internet, and literacy. People first need energy access. With consistent access some people still lack Internet access. With consistent Internet access, one still needs device access. Once all three are in place, digital literacy is possible and can lead to greater social and economic empowerment. Additionally, we find that reading-writing literacy can function as a stepping stone to digital literacy, and paradoxically digital literacy can lead to increased literacy. This happens through "digital literacy for youth workforce development" or "digital literacy for literacy volunteerism" programs which help the newly digitally literate work and volunteer in roles that use computer applications to teach others to read.
Throughout the research process, several learning theories emerge. First, reading-writing literacy is a requirement for digital literacy due to the nature of the Internet today. Second, significant numbers of people cannot become digitally literate on their own. Third, MOOCs are an ineffective way to teach people, who are not digitally literate, to become digitally literate. Digital literacy requires a high-touch method that cannot be avoided. Fourth, mastery and retention are higher when learners learn directly on a connected device rather than in a classroom on paper and then later in a lab using the device. Last, helping the next 4 billion online will require multiple local solutions, not one global solution.
Our research also uncovered weaknesses in our current distribution model to deliver our digital literacy solution globally through Telecentre Foundation (TCF). First, TCF has no direct control over local tele-centres. In the India tele-centres (CSCs), the local VLEs had no monetary incentive to teach the course. Finally many, CSCs had inadequate equipment and space to teach our digital literacy curriculum. Our recommendation is to start future partnerships on a small scale and prove the model first before scaling.
All insights and qualitative data have been synthesized and translated into thirteen design principles. These design principles will guide the next phase of our work in which we begin to identify opportunity areas, ideate, brainstorm, prototype and gather feedback on prototypes from future community research visits. We will iterate and improve those prototypes until they reach an acceptable level with our communities before we move into the final delivery stage in which we focus on piloting an early-stage version of the solution.
